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T rea tmen t  of 2, 2 ' -methy leneb iscyc lohexanone  and its  analogs with po ta s s ium borohydr ide  
and ammonia  or  amines  gives pe rhydroae r id ines .  The reac t ion  is s t e reospec i f i c .  

1, 5-Diketones such as 2, 2 ' -methylenebiscy lohexanone  (It a re  usual ly conver ted  into p e r h y d r o a c r i -  
dines (II) by reduct ive  aminat ion of the diketone with ammonia  and fo rmic  acid or  f o r m a m i d e  [1, 2]. We 
have replaced  the fo rmic  a c i d u s e d a s  reducing agent by po tass ium borohydr ide .  Reduction occur red  under  
mild  conditions, and was s te reospec i f ic .  

It  has been shown prev ious ly  [3] that  addition of I to a mix tu re  of KBH4 and ammonia  afforded 80% 
of f l -perhydroacr id ine  (IIa). If  the pure  th reo  i s o m e r  of I is  used, other  s t e r e o i s o m e r s  of IIa  a re  not fo rmed.  
Fur ther ,  if the mix tu re  of threo and e ry th ro  i s o m e r s  usual ly  obtained is  used in the synthesis ,  a mix tu re  of 

and fl i s o m e r s  of IIa  is  obtained in the same  total  yield.  It  follows in pa r t i cu l a r  that  when this method 
of reduct ive  amination is used, the a s y m m e t r i c  a toms  in I a re  unaffected.  
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R=a H; b CH3;C CH2CH2OH; d CH2CH~NH 2 

F r o m  the th reo - (~  KBH4, and p r i m a r y  amines ,  we obtained N-subs t i tu ted  pe rhydroac r id ines .  When 
methylamine  was used, N-methy lpe rhydroacr id ine  (Irb) was fo rmed .  I ts  s t ruc tu re  was conf i rmed by inde- 
pendent synthes is  f rom the tosyla te  of t r a n s - a n t i - t r a n s - m e t h y l e n e b i s c y c l o h e x a n o l  and methylamine :  

O ~  s lib 

Ts~ OTs 

With ethanolamine,  N-hydroxye thy lperhydroacr id ine  (IIc) was obtained. I t  was also obtained f rom ~- 
(IIa} and ethylene oxide. Finally,  e thylenediamine afforded N-aminoe thy lperhydroacr id ine  (IId), the s t r u c -  
ture  of which was conf i rmed by the fo rmat ion  of an azomethine on t r ea tmen t  with p -d ime thy laminobenza l -  
dehyde. In all  the cases  mentioned,  only one of the poss ib le  s t e r e o i s o m e r s  of II was i so la ted  f rom the r e -  
action mix ture .  

In addition to the reduct ive  aminat ion of  I, pa r t i a l  reduct ion to the diol IH occurred ,  two s t e r e o i s o m e r s  
of which were  isolated f r o m  the reac t ion  mixture .  T r e a t m e n t  of I with po ta s s ium borohydride  and d imethyl -  
amine gave an a lm os t  quanti tat ive yield of IH, no reduct ive  aminat ion product  being fo rmed .  
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From the diketone IV, ammonia and KBH4, we obtained 4 ,5-bis(dimethylaminomethyl)perhydroacr i -  
dine (VI)~ In the IR spectrum of VI, s t retching of the N - H  bond appeared at 3300 cm-1, and the (CH3)2 N 
group absorbed at 2820, 2770, and 2720 cm-1. 

KBH 4 
I H i 

~.H2 ~H2"2 HC! ~H 2 ~H2 

N(CH3) 2 N (CH3) 2 N(CH3) 2 N(CH3) 2 

IV Vl 

The diketone V was converted s imi lar ly  into 3 ,3 ,6 ,6- te t ramethyl -2 ,7-dioxaperhydroacr id ine  (VII), 
the s t ructure  of which was confirmed by its IR spect rum (the methyl  and methylene groups appeared at 
2960, 2930, 2870, and 2480 cm-1, and charac te r i s t i c  geminal methyl group doublet occur red  at 1380 cm-~. 
Hydroxyl and carbonyl  absorptions were absent). 

3 V :3 
VII 

The authors thank M. N. Tilichenko for  his in teres t  in this work. 

E X P E R I M E N T A L $  

Diketones IV and V were obtained according to [5] and [6], and were made available to the authors.  
IR spect ra  were taken on a UR-10 spec t rometer ,  in CC14. Theproducts  were charac te r ized  by ch roma-  
tography on alumina s the sys tems:  hexane : ethyl acetate (8 : 1), chloroform : ethyl acetate (4 : 1), and ethyl 
acetate.  

Method of Reductive Amination. To a solution of 0.05 mole of KBH 4 and 0.5 mole of the amine (or 
ammonia) in 25 ml of water  and 20 ml of alcohol was added during half an hour, dropwise with st irr ing,  a 
solution of 0.05 mole of the diketone in 40 ml  of alcohol (the diketone IV was added as an aqueous solution). 
The tempera ture  of the mixture was kept at 30-35 ~ by water  cooling. After the diketone had been added, 
the mixture was s t i r red  for  half an hour, then acidified with conc. HC1, and neutral  mate r ia l  was extracted 
with ether.  The aqueous layer  was bas i f i ed  the bases  extracted with ether,  and the ether  solution was dried 
over  magnesium sulfate. The res idue after  r emova l  of the ether was r ec rys ta l l i zed  (for IIa-d) or  purified 
by chromatography on alumina, the mixture being eluted with light pe t ro leum-benzene (30:1), and r ed i s -  
tilled (for V1), or  (for VII), converted into the hydrochloride followed by decomposit ion of the lat ter  to give 
the pure base.  Data on the react ion products  are  given in Table 1. 

The ext rac t  containing neutral  mate r ia l s  obtained f rom I was dried over  magnesium sulfate, the 
ether was removed,  andthe res idue was ree rys ta l l i zed  f rom alcohol to give t r a n s - a n t i - t r a n s - m e t h y l e n e b i s -  
cyclohexanol, mp 151-152 ~ (lit. [4], mp 151~ The mother  l iquors were evaporated, and the residue t r i t u r -  
ated with ethyl acetate to give c rys ta l s  which were r ec rys t a l l i zed  repeatedly f rom benzene-l ight  pet roleum 
There was obtained c i s -an t i -c i s -methylenebiscyc lohexanol ,  mp 125 ~ (lit. [4], mp 128~ 

N-Methylperhydroacr idine  (IIb). This was obtained by method [7]. 2.6 g of the ditosylate of t r ans -  
an t i - t rans-methylenebiscyclohexanol  (obtained f rom the diol, mp 124 ~ f rom alcohol. Found: S 12.3, 12.2 %. 
C27H3~O6 S 2. Calculated: S 12.3%), 0.5 g of methylamine and 2.5 g of dry dioxane were heated in a sealed ampule 
for  3 h at 100 ~ The mixture was f i l t e r e d  and the f i l t rate was basified and extracted with ether  to give 1 g 
of l i b  which was converted to the picrate ,  mp 191-192 ~ A mixed mpwith the picrate  of IIb obtained by r e -  
ductive amination gave no depression.  

NTHydroxyethylperhydroacridine (IIc). Through a solution of 0.02 mole of IIa in 20 ml of 75% alcohol 
was passed for  1 h 30 min a slow s t ream of ethylene oxide. After one day, the solvent was removed,  and the 
residue was rec rys ta l l i zed  f rom light petroleum. Mp 113-114 ~ undepressed on admixture with a sample of 
IIc obtained by reduetive amination. 

? Some of the syntheses  were ca r r i ed  out by V. A. Fishuk. 
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TABLE 1. Substi tuted P e r h y d r o a c r i d i n e s  and The i r  Der iva t ives  

Found, % Calculated, ~ 
Compound 

C H N C H 

lib 

Picrate lib 
IIC 

petroleum) 
Benzoyl 72,5--74 (alcoho~ derivative 

II' c 
I I d 79---81(ethyl 

I acetate) 
Azomethine IId 101(alcohol) 
with p-dimethyl- 
aminobenzaldehyde 

VI * 
Picrate' VI 1~ 5=-i~ 5 , 

�9 (dlox,ane) 
VII ~45--85 5 

(sublimed at 
0.01 ram) 

VII �9 HCIT 273 (alcohol) 

mp, ~ 
(solvent) Molecular formula 

63--64(light Ct4H.~N 
petroleum) . 

[g[--tge(alcoho~ Ct4H~sN �9 CoH~N~Oz 
1'13,5---114(light [ CIsH27NO 

C2~HaINO 

CIsH2sN~ 

C24H3zN~ 

C19HazNz 
CIgHaTNz'C6H3NsOr 

CtsH27NO~ 

CI~H27NO2 �9 HCI 

81,0 2,3 6,7 813.] 12,1 

- -  1 3 , 1  - - ,  - -  

7 6 , 3  ~,5 6,1 75,9111,5 

765 9,3 -- 77,41 9,2 

76,(3 1,8 11,9 7621 

78,1 0,3 11,4 78,41 

i 

74,31 
15,9 -- ,  

99 -- 62,2[ 

N 

6,8 

12,8 
5,9 

II,9 11,9 

10,2 [ 1,5 

12,2 13,5 
- -  15,7 

I0,7 5,5 

9,7] -- 

*Bp 118-120 ~ {1 ram),  nD20 1.4888. 
? Found:  C1 12.1%. Calcula ted:  C1 12.2%. 
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